) led to the conclusion that RIM able pool of vesicles, alters short-term plasticity, and functions at a step following the docking of synaptic changes the properties of evoked asynchronous revesicles at the active zone. However, transmitter release lease. Lack of RIM1␣, however, had no effect on syninvolves several steps after vesicle docking, including apse formation, spontaneous release, overall Ca 
RIM1␣ as a Priming Factor
RIM1␣ Ϫ/Ϫ synapses exhibit a ‫%05ف‬ reduction of the competent and measurable in the "readily releasable pool" (RRP). To assay synaptic vesicle priming, we apexcitatory postsynaptic charge (wt, 29.1 Ϯ 4.3 pC; KO, 15.7 Ϯ 2.0 pC; p Ͻ 0.005; Figure 1A ). This change could plied hypertonic sucrose and measured the resulting inward current (Rosenmund and Stevens, 1996) , which be due to a decrease in synapse numbers, a decline in postsynaptic receptor responsiveness, or a change in in RIM1␣ Ϫ/Ϫ autapses was ‫%05ف‬ of the wild-type response (normalized wt, 1.0 Ϯ 0.08; KO, 0.55 Ϯ 0.05; p Ͻ the synaptic release probability (P r ).
The (Figure 2A ). To test whether additional abnormalities affecting Pr were pres-1999), suggests a role for RIM1␣ in synaptogenesis. We thus examined whether deletion of RIM1␣ alters total ent subsequent to priming, we calculated the vesicular release probability (P vr ). This measures the ratio of resynapse numbers. Immunolabeling for the presynaptic protein Synapsin, however, showed no significant differlease evoked by an action potential to that evoked by hypertonic sucrose (Fernandez-Chacon et al.
, 2001). P vr ence between RIM1␣
Ϫ/Ϫ and wild-type synapses (Figures 1B-1D ). We next examined postsynaptic responwas not significantly different ( Figure 2B) . Thus, the synaptic vesicles remaining in the RRP of RIM1␣ Ϫ/Ϫ synsiveness by recording miniature excitatory postsynaptic currents (mEPSCs), but we detected no difference in apses appear to exocytose normally in response to action potentials, and the decrease in synaptic responses mEPSC amplitude (Figures 1E-1G ). In addition, we found no difference in mEPSC frequency, a finding conin RIM1␣ Ϫ/Ϫ autapses is attributable to the reduction in the RRP. Since another RIM protein, RIM2␣, is exsistent with normal synapse numbers in RIM1␣ Ϫ/Ϫ autapses ( Figure 1H 3D-3F ). In wild-type au-RIM1␣ Ϫ/Ϫ synapses is caused by a Munc13-1-dependent mechanism. To test whether other presynaptic regtapses, 14 Hz stimulation caused a ‫%05ف‬ decrease in the EPSC amplitude, but in RIM1␣ Ϫ/Ϫ autapses, the ulatory events are altered in RIM1␣ Ϫ/Ϫ synapses, we evaluated the effect of adenosine, which inhibits release EPSC was maintained near its initial value throughout. Plots of EPSC amplitudes during the trains revealed by activating presynaptic A1 receptors. In contrast to the marked difference in the effects of PDBu, no differthat wild-type and RIM1␣ Ϫ/Ϫ EPSCs reached the same steady-state level ( Figure 3F ). Thus, despite the reducence in the inhibition of transmitter release by adenosine was detected ( Figure 2E) . tion in initial P r in RIM1␣ Ϫ/Ϫ autapses, at steady-state during high-frequency activity, P r is not altered. During high-frequency activity, the steady-state value Short-Term Plasticity To examine short-term plasticity in RIM1␣ Ϫ/Ϫ synapses, of an EPSC is determined by the balance between supply and demand of vesicles and by changes in P vr inwe first measured the paired-pulse ratio. As observed in slices (Schoch et al., 2002) , there was a relative duced by the activity. Thus, activity-dependent differences in the RRP and/or the P vr could account for the change in this measure (Figures 3A-3C) . Specifically, 
If, as the data thus far suggest, an increase in the size of the RRP does not underlie the normal steady-state 14 H 2 responses in RIM1␣
Ϫ/Ϫ synapses, the relative loss of the RRP during the stimulus train should be similar between wild-type and RIM1␣ Ϫ/Ϫ autapses. To evaluate this, we measured the initial RRP with a pulse of sucrose, applied a 100 stimuli train at 14 Hz 90 s later, and then immediately measured the RRP again ( Figure 4C ). The size of the RRP after the train relative to the initial RRP size was similar in the two preparations, indicating that the relative amount of activity-dependent refilling of the RRP was also similar. Thus, in RIM1␣ Ϫ/Ϫ autapses, the RRP must still be ‫%05ف‬ of the RRP of wild-type autapses after the train. Since, at this time point, P r is the same in wild-type and RIM1␣ Ϫ/Ϫ autapses (i.e., the EPSC is the same size) and the P r depends on the product of the P vr and the RRP, the P vr in the RIM1␣ Ϫ/Ϫ synapses must have increased during the train. Indeed, calculation of P vr at the beginning and end of the stimulus train revealed that while the initial P vr was indistinguishable between the two genotypes, at the end of the stimulus train the P vr was ‫%06ف‬ higher in RIM1␣ Ϫ/Ϫ than in wildtype autapses ( Figure 4D ). Importantly, this property of pears, at least in part, to be due to an activity-dependent change in the vesicular release probability (P vr ). (3) 8.2 ms; KO, 51 Ϯ 7.7; p Ͻ 0.005). These data provide independent confirmation and thus further support for RIM1␣ is essential for normal asynchronous Ca 2ϩ -triggered release. In the absence of RIM1␣, the relative an important role of RIM1␣ in the control of asynchronous release.
contribution of asynchronous release to total release is decreased by ‫,%05ف‬ and asynchronous release kinetics are accelerated. Importantly, RIM1␣ is not required for Discussion synaptogenesis, normal quantal size, normal spontaneous release, the synchronous component of evoked reThe active zone is composed of a multiprotein complex that includes RIM1␣ as a major component. RIM1␣ interlease, or the activity-independent and -dependent com-ponents of refilling of the primed pool of synaptic
